- Saa A W ; ‘m N * Near-Earth Object Observations Program
: 1 . * Interagency and International Partnerships
) a } ATO 5 3 S
el nf-‘@ﬁ ense Coo 1LV » Mitigation Research

Planetary Defense Coordination Office
NASA--LSST Near--Earth Object Collaboration

Lindley Johnson
Planetary Defense Officer
Planetary Defense Coordination Office

NASA HQ
January26, 2018




- i I R Sl \ « Near-Earth Object Observations Program
A : 1 . - : * Interagency and International Partnerships
Il fJi‘lﬁD‘jg EINSE COO RO =1 on Office , * Mitigation Research

Planetary Defense Coordination Office

This office was established in January 2016 at NASA HQ to
oversee planetary defense related activities across NASA, and
coordinate both US interagency and international efforts and
projects to address and plan response to the asteroid impact hazard.

Mission Statement:

Lead national and international efforts to:

 Detect any potential for significant impact of planet Earth by
natural objects

« Appraise the range of potential effects by any possible impact
» Develop strategies to mitigate impact effects on human welfare
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Terminology

“Near Earth Objects (NEOs)”- any small body (comet or
asteroid) passing within 1.3 astronomical unit (au) of the Sun
— 1 au is the distance from Earth to Sun = ~ 93 million miles
— NEOs are predicted to pass within ~ 30 million miles of Earth’s orbit
— e.g. any small body passing between orbits of Venus to Mars
— Population of:

« Near Earth Asteroids (NEAS)

» Near Earth Comets (NECs) — also called Earth Approaching Comets (EACs)
— 107 currently known

“Potentially Hazardous Objects (PHOs)” — any small body that
has potential to impact Earth at some point in the future

— NEOs passing within 0.05 au of Earth’s orbit
« ~5million miles =20 times the distance to the Moon
— Appears to be about 10% of all NEOs discovered
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NEO Observations Program

Detection and tracking of natural objects — asteroids and comets — that approach
within 28 million miles of Earth’s orbit

US component to International Asteroid Warning Network
Has provided 98% of new detections of NEOs since 1998

Began with NASA commitment to House Committee on Science in May 1998 to
find at least 90% of 1 km and larger NEOs

» That goal reached by end of 2010

NASA Authorization Act of 2005 increased scope of objectives:

 Amended National Aeronautics and Space Act of 1958 (“NASA Charter”) to add:

““The Congress declares that the general welfare and security of the United States require that the
unigue competence of the National Aeronautics and Space Administration be directed to
detecting, tracking, cataloguing, and characterizing near-Earth asteroids and comets in order to
provide warning and mitigation of the potential hazard of such near-Earth objects to the Earth.”’

« Made NEO detection, tracking and research 1 of 7 explicitly stated purposes of NASA!

 Provided additional direction:

“...plan, develop, and implement a Near-Earth Object Survey program to detect, track, catalogue,
and characterize the physical characteristics of near-Earth objects equal to or greater than 140
meters in diameter in order to assess the threat of such near-Earth objects to the Earth. It shall be
the goal of the Survey program to achieve 90 percent completion of its near-Earth object catalogue

within 15 years [by 2020]”
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NASA’s NEO Search Program

(Current Survey Systems)
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The International Astronomical Union

IAU Minor Planet Center

http://minorplanetcenter.net/

Receives positional measurement of small bodies from observations made all
over the world (and beyond)

Responsible for identification, designation and initial orbit computation
Now operating under the Planetary Data System’s Small Bodies Node

i Center for
Jet Propulsion Laboratory Near Earth Object
*  California Institute of Technology Studies

https://cneos.jpl.nasa.gol

Computes high-precision orbits of near-Earth objects

Performs long-term analyses of possible future orbits of hazardous asteroids
(Sentry) and computes orbits for new potential asteroid discoveries to
determine any impact hazard (Scout)

Predicts the impact time, location and geometry of any predicted impact



https://www.youtube.com/watch?v=53Js-_vo3mo

2016

1ec
gdorr L]
[ 4 i
‘e »
S Sakib
F' - :
g A G
Py s o .:.
.. d L2 B ...’. Turk Chin >
Nrrate South Korea, ¢
= - ’ o LR R Afghanistan ° I"‘
< A e B % ran
- Aloas Pakistan
abia 1
&y
sudan
Nige
DR (
f & Ne
inea
Na
o
>
Chile
o
-
o th Rrri -
°
MNew
cala
L]
data@2017 T ; of Use

Received ~18.6 million observations (1.7 millionon NEOs) from 76 countriéé i'-nu201_6_

(and onein space!)



* Near-Earth Object Observations Program (\

~

* Interagency and International Partnerships NA?A)A_

* Mitigation Research

Near-Earth Asteroid Discoveries by Survey
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NEO Close Approaches 2017 — 4 < Geosynch

Object CA Date CA Distance LD | au Est. Diameter Object CA Date CA Distance LD | au Est. Diameter
2017 AG13 2017-Jan-09 12:50: 0.54]0.00139 16m- 36m 2017 SQ2 2017-Sep-14 16:14 0.52 | 0.00133 18 m- 40m
2017 BX 2017-Jan-2504:54: 0.69|0.00178 67m- 15m 2017 sSM2 2017-Sep-2007:34  0.81] 0.00207 9.0m- 20m
2017 BH30 2017-Jan-3004:51: 0.13]0.00035 46m- 10m 2017 5232  2017-Sep-2015:49 0.53 | 0.00137 3.8m-85m
2017 BS32  2017-Feb-0220:24 0.42]0.001039 92m- 21m 2017 SR2 2017-Sep-2020:29 0.24 ]| 0.00062 50m- 11m
2017 DG16 2017-Feb-2321:08 0.36]0.00092 3.7m-8.2m 2017 SU17  2017-Sep-2408:12 0.72|0.00185 6.6m- 15m
2017 DR34 2017-Feb-2504:52 0.58|0.00149 38m- 86m 20175512 2017-Sep-2415:32 0.67 | 0.00172 99m- 22m
2017 EA 2017-Mar-0214:05 0.05]0.00014 18m-4.1m 2017 TQ2 2017-Sep-3012:16 0.27 | 0.00069 3.5m-7.9m
2017 DS109 2017-Mar-0514:29 0.92]0.00236 17m- 38m 2017 SX17  2017-Oct-02 10:20 0.23 | 0.00058 6.3m- 14m
2017 FW158 2017-Mar-17 14:10 0.32]0.00082 56m- 13m (2017 TF5 2017-Oct-1007:40 _ 0.73 | 0.00188 31m- 68m |
2017 FD3 2017-Mar-17 14:28 0.47 | 0.00120 75m- 17m (2012 TC4 2017-Oct-1205:42  0.13 [ 0.00034 12m- 27m |
2017 FS 2017-Mar-1903:33 0.28 | 0.00073 42m-94m 2017 UF 2017-Oct-1503:23 0.99]0.00255 7.1m- 16m
2017 FX158 2017-Mar-2002:16 0.71]0.00182 42m-95m 2017 TH5 2017-Oct-16 17:16  0.26 | 0.00067 6.1m- 14m
2017 FN1 2017-Mar-2021:02 0.16|0.00042 20m-45m 2017 UR2 2017-Oct-1716:32 0.83 ] 0.00213 75m- 17m
2017 FM1 2017-Mar-2022:38 0.33|/0.00086 33m-7.4m 2017 TD6 2017-Oct-1918:53 0.50 | 0.00128 9.8m- 22m
2017 FJ101 2017-Mar-3007:51 0.85]0.00217 54m- 12m (2017 UJ2 2017-Oct-20 14:07 _ 0.05 [ 0.00012 1.8 m- 4.0m |
2017 FU102 2017-Apr-0220:18 0.57]10.00146 49m- 11m 2017 UA52 2017-Oct-2106:25 0.51|0.00132 53m- 12m
017 GM 2017-Apr-0410:32 0.0470.00011 28m-63m 2017 UL6 2017-Oct-2811:24  0.16 | 0.00040 1.0m- 23 m
2017 HJ 2017-Apr-16 05:43  0.35]0.00091 86m- 19m 2017 UK8 2017-Oct-3005:18 0.59]0.00151 59m- 13m
2017 HG49 2017-Apr-2104:34 093 ]10.00238 79m- 18m 2017 VE 2017-Nov-04 05:13  0.88 | 0.00227 13 m- 28 m
2017 HG4 2017-Apr-2206:24  0.61|0.00156 79m- 18 m 2017 VL2 2017-Nov-09 09:50 0.31]0.00079 16m- 36m
2017 HV2 2017-Apr-2322:04 0.33|0.00084 44m-99m 2017 VF14  2017-Nov-1315:30 0.80 | 0.00204 54m- 12m
2017 JA 2017-May-02 07:24 0.26 | 0.00067 4.4 m-10.0m 2017 WW1 2017-Nov-2119:18 0.37 | 0.00094 3.0m- 6.8m
2017JQ1 2017-May-04 01:16 0.44 | 0.00114 36m-8.0m 2017 WA14 2017-Nov-2119:53 0.25|0.00063 84m- 19m
2017 JB2 2017-May-04 03:18 0.14 | 0.00037 41m-91m -Nov- . ) Im-25m
2017 001 2017-Jul-2103:32+ 0.33/0.00085 33m- 74m 2017 YZ4 2017-Dec-28 15:50 0.58 | 0.00149 6.0m- 13m
2017 QP1 2017-Aug-1421:23 0.16]0.00042 37m- 8 m 2017 YE7 2017-Dec-3017:47 0.80] 0.00206 52m- 12m
2017 QN2 2017-Aug-2021:56 0.56 | 0.00145 7.0m- 1lém 018 AH 2018-Jan-0204:25: 0.77[0.00199 85m- 190m |
2017 QB35 2017-Sep-0308:41 0.93]0.00238 36m- 80m
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* 11/2017 U1 (‘Oumuamua)

* Discovered on October 19, 2017, by the Pan-STARRS1 telescope during
near-Earth object survey operations

* Speed and trajectory indicate it originated outside of and is not bound to

our solar system
* Object is asteroidal in nature (no

coma observed)

* Object is highly elongated, with an
axis ratio >3:1 perhaps 10:1

* Observations suggest a surface
reddened due to irradiation by
cosmic rays over its history

T

ov/planetarydefense
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Near-Earth Asteroid Discoveries by Survey
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Near-Earth Asteroids Discovered
Most recent discovery: 2018-J/an-05
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*Potentially Hazardous Asteroids come within 7.5 million km of Earth orbit

-
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NearEarthAsteroidBurvey®Progress
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NEO Population - 140 meters and larger
Population Estimate ~ 25,000 asteroids

NEO Survey Status Jan 2018

>=1 km >=1 km
Not Found, Sz
0.2% 3-6%  0.30-1 km
Not Found,
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0.30-1 km
Found,
13.8%
140-300 m
Not Found,
58.5%
140-300 m
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15.4%
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Study of LSST’s Capabilities for NEO Discovery

Study Structure

* Quasi-independent study carried out in parallel by LSST project “outsiders”
(JPL) and “insiders” (U. Washington), agreeing on basic assumptions and
parameters.

» Panel of 5 independent reviewers vetted Study Plan and Final Report. (Authors
made 1 set of revisions to Plan and Report, based on reviewers’ comments.)

Study Objectives

« Determine how many NEOs can be discovered by LSST, under various
assumptions regarding system performance, presuming a priori that multiple
Individual detections can be linked to obtain object orbits.

» Determine the efficiency of the linking process and its robustness to the likely
numbers of false detections resulting from the optical system and difference-
Imaging approach.

» Assess whether alternatives to the baseline LSST survey cadence may
substantially change NEO discovery performance.
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Simulated NEO performance (H<22) for
existing surveys and LSST
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Study of LSST’s Capabilities for NEO Discovery

Major Consensus Results

« LSST's nominal strategy of two visits per night per field can be successful in
discovering NEOs after 12 days of data collection. False detections are not a
serious obstacle, based on a rate demonstrated in Dark Energy Camera data.
The conclusion is robust to factors of a few in the false positive rate.

» Assuming that existing NEO surveys continue to operate and incrementally
Improve, the H < 22 NEO catalog is likely to surpass 75% completeness after
LSST's 10-year baseline survey. Continuing the same survey would increase
completeness by about 1% per additional year, up to 5 years.

« A completeness level of 90% is likely beyond reach without major system
modifications or contributions from another next-generation survey.

» PHA completeness would be about 5 percentage points higher than NEO
completeness, owing to PHAS’ closer mean proximity to Earth.

» Changing the observing strategy to 3 or 4 visits per night per field would not
improve linking efficiency, and therefore would reduce survey completeness
due to reduced sky coverage.
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Study of LSST’s Capabilities for NEO Discovery

Final Report Delivered to NASA in March 2017, comprised of 3 documents:
« JPL team report, “Projected Near-Earth Object Discovery Performance of the
Large Synoptic Survey Telescope”

- Subsequently published as JPL Publication 16-11, arXiv:1705.06209; and as
Veres & Chesley 2017ab, AJ, 154, art. id. 12, 13.

- https://cneos.jpl.nasa.gov/doc/LSST report 2017.html

« UW team report, “The Large Synoptic Survey Telescope as a Near-Earth
Object Discovery Machine”
- To be published in Icarus, arXiv:1711.10621.

* Consensus report, “A Joint White Paper Summarizing Results from
Independent Simulations of LSST’s NEO Discovery Performance”
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NEO Survey Science Definition Team Report*
Finding 3

* Satisfaction of the 140 meter cataloguing objective will
require space-based search systems

* |R and/or visible sensors in the 0.5-1.0 meter diameter
range are credible, cost benefit favorable, options using
available technology

* Best cost/benefit and lowest risk space system options
located at L1*

* Fastest completion of 140 m objective and best warning
provided by large aperture IR or combined visible and IR
systems located at L1

* Search systems located near-Earth have substantial
warning benefit

* The addition of a single >4-meter ground-based search
system aids completion timeline for any space-based option

* IR systems in GEO (ex 20cm) and LEO not assessed

s oy *hitps://www.nasa.gov/sites/default/files/atoms/files/2017_neo_sdt_final_e-version.pdf
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Future Direction for LSST Collaboration on NEO Discovery

While certain we will want to take advantage of the considerable survey
capabilities that LSST will provide for solar system objects, there is a process
to be followed:

« Step 1 - Complete NEO Survey Analysis of Alternatives report
« Step 2 — Learn outcome of FY2019 NASA Science Budget Submittal

« Step 3 — Along with other to be decided Initiatives, begin Discussion with
NSF/AST for LSST Collaboration

« Step 4 — Determine best course of action for incorporation of LSST data
into NEO Observations Search and Survey pipeline
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